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[57] ABSTRACT 

The switching of the positive (or pullup power) and 
negative (or pulldown power) semiconductor elements, 
arc controlled by driving circuits which are in turn 
controlled by level shift circuits which have a first cur- 
rent control circuit and a second current control circuit 
coupled in parallel and this parallel connection is cou- 
pled in series with the control K -channel MOSFET of 
a current mirror circuit in a circuit loop arrangement 
with a control power supply. The first and second cur- 
rent control circuits are responsive to first and second 
control pulses of pulse widths ti and ti+t2, in accor- 
dance with a driving signal such that the first current 
control circuit supplies a first current level to the con- 
trol N-channel MOSFET during the first time period ti 
and the second current control circuit supplies a second 
current level, smaller than that of the first current level, 
thereto for a predetermined time period tj + t2 thereby 
resulting in a current flow through the controlled N- 
channel MOSFET of the current mirror circuit of a 
current value corresponding to the sum of the first and 
second current levels. The controlled N-channel MOS- 
FET, providing ON/OFF control of a P channel MOS- 
FET, is disposed in a second circuit loop which is pow- 
ered by a high voltage power supply. This P-channel 
MOSFET, coupled to the high voltage power supply, 
supplies an output signal to a load in response to the 
current flowing through the controlled N-channel 
MOSFET. 

23 Claims, 4 Drawing Sheets 
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transferring a signal ai high speed and with low power 

LEVEL SHIFT CIRCUIT FOR CONTROLLING A loss. 

DRIVING CIRCUIT The present invention supplies a first high level cur- 
rent It to a level shift circuit during a first predeter- 

BACKGROUND OF THE INVENTION 5 mined period of time t|, which is slightly longer than 

, r~ u r u T tne charging time of the gate-source capacitor of a 

1. Field of the Invention MOSFET being driven after application of a driving 
The present invention relates to a driving circuit for CUfrent ^ camt I( quickly chargcs up the capaci . 

a semiconductor device used in a power integrated tance belween the gate-source of the MOSFET being 

circuit. .10 driven. A zener diode connected across the gate and 

2. Summary of the Prior Art source of the MOSFET prevents an overvoltage from 
A bridge inverter for driving a load, such as a motor. being app ]i e d between the gate-source and maintains 

by connecting in series two identical voltage-switching tne ga te-source voltage at a value high enough for the 

elements is known. Such switching elements are con- MOS transistor to remain in the on state. After the 

nected across a main d.c. voltage source, with that one 15 completion of the first predetermined period of time ti, 

of the switching elements connected to the high poten- lne current flowing through the level shift circuit is 

tial side of that source being referred to as an upper arm reduced to a second, lower current level I2, which is 

switching element and the other switching element less than one tenth the level of the current Iu and the 

thereof connected to the low potential side of the volt- voltage drop generated across a resistor by the current 

age source being referred to as a lower arm switching 20 h is supplied between the gate-source of a MOS transis- 

element. By switching those switching elements succes- tor to maintain it in the on state, 

sively, a drive voltage tecomo generated at their point DESCRIPTION OF THE DRAWINGS 
of interconnection and is applied to the load. 

To drive the upper arm switching element, it is neces- Embodiments of the present invention will now be 

sary to apply a driving voltage between a control termi- 25 described in detail with reference to the accompanying 

nal, which controls the switching of the upper arm drawings in which: 

switching elements, and the point of connection be- FIG. 1 is a circuit diagram showing an embodiment 

tween the two switching elements. When the lower arm according to the present invention; 

switching element is switched on, the potential of the FIG. 2 is a circuit diagram showing a control circuit; 

point of interconnection between the switching ele- 30 FIG. 3 is wave forms explaining the operation of the 

ments drops to a level similar to the lower potential side dnving arcuit -shown in FIG 1; 

of the main d.c. voltage source. In a similar way, when ™S. 4 and 5 are circuit diagrams showing other 

the upper arm switching element is turned on, the po- embodiment according to the present invention; 

tential of the connection point (or common connection J ™. 6 » a cross sectional view of the semiconductor 

node) of the two switching elements is similar to that of 35 device explaining the arrangement of the driving circuit 

the high potential side of the main d.c. voltage source. according to the present invention; 

Hence, in order to drive the upper arm switching ™* V* 3 CTOSS SeCtl ° nal m ° f the hlgh V ° ltage 

element it is necessary to have a separate d.c. voltage * &n ivalent circuit lainin a current 

source having a standard mid-point potential between Afi 

. " . . . 40 mirror circuit, 
the upper and the lower arms. 

Consider now the case where it is desired to generate DETAILED DESCRIPTION OF THE 

a polyphase signal to the load. In that case, each phase PREFERRED EMBODIMENTS 

requires a corresponding pair of upper and lower arm FIG , ^ a cifcuit ^ shQwi m inverter dr . 

switching elements, and the switching elements of the 4J ^ whh g half . bridge circuit using a level shift circuit 

ower arms can be driver .from a single power source. of (he m invemion . A positive ^ negative side 

However, a separate D.C. insulated power source is f semicondlJCtor elements 31| 32 and two capaci- 

required to drive each upper arm switching [ element. t0 rs 34 and 35 form a bridge inverter circuit. N-channels 

The above dnving circuit is described in PCIM 88 Pro- MOSFETS 31 and 32 are used, for example, as the 

ceedings PP. 32-40 "A high performance Monolithic 30 semiconductor elements. A load 33 is connected be- 

DMOS bridge for motor dnve". tween the j uncl j on p0 j nt 0 f elements 31 and 32 and that 

The above mentioned inverter requires a level shift of the cap acitors 34 and 33, as shown in FIG. 1. Two 
circuit which transfers a signal to a potential equal to zener diodes 30 connected in series back-to-back be- 
the voltage of a main power source applied between the twcen the gate and source of MOSFET 31 protect the 
input terminal of a positive power element and the out- 55 MOSFET 31 from overvoltage. If the gate-source volt- 
put terminal of a negative power element. age ri se s up to a predetermined value, either zener diode 

The well-known level shift circuit is not suitable for begins to flow current and protects the MOSFET 31 

use in a high voltage difference condition, such as above f r0 m an overvoltage. The above circuit is similar to the 

one hundred volts. Further, there is a trade-off relation driving circuit described in U.S. patent application Ser. 

between high voltage characteristics or signal transfer 60 No. 405, 233. 

speed and the power loss. The N-channel MOSFET 31 is controlled by a signal 

SUMMARY OF THE INVENTION ^™? s ^Z^Tt 

An object of the present invention is to provide a driving signal "ON" is transmitted to the driving circuit 

driving circuit for a semiconductor device suitable for 65 27 for the positive power semiconductor element 31 

transferring a signal in a high voltage condition. using level shift circuits 25 and 26. 

Another object of the present invention is to provide In the level shift circuit 25, a plurality of zener diodes 

a driving circuit for a semiconductor device suitable for 21-1 are connected in series between the drain terminal 
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of N-channel MOSFET (or NMOSFET) 4-1 and the structure, the current I1 + I2 also flows into MOSFET 
common connection of the gate terminal of P-channel 4-1 by the operation of current mirror circuit 
MOSFET (or PMOSFET) 1-1 and N-channel MOS- The current It +h operates as a charging current for 
FET 1-2. The drain-gate circuit of a MOSFET 1-2 is a source-gate capacitance of P-MOSFET 1-1 and which 
connected to the gate-drain circuit of the P-channel 3 charging current turns ON the P-MOSFET 1-1 quickly. 
MOSFET 1-1 to form a complementary MOS inverter. When the signal 20 returns to high level after the prede- 
These series connected zener diodes 22-1 reduce a volt- termined period of time ti has elapsed, P-MOSFET 11-1 
age applied between the drain-source circuit of MOS- turns off and the current 1 1 is cut off. After cut-off of the 
FET 4-1 when a driving signal is applied. current I|, the current flowing through MOSFET 4-2 

A resistor 2-1 and zener diode 3-1 are connected in 10 and MOSFET 4-1 is reduced to the current h, as shown 
parallel between the source and gate of the P-channel in FIG. 3. 

MOSFET 1-1. A voltage with an amplitude of R-I21S continuously 

A drain terminal of the MOSFET 4-1 is connected to applied between the source and gate of P-channel 
the gate terminal of the P-channel MOSFET (or MOSFET 1-1 wherein MOSFET 1-1 is held in an on 
PMOSFET) 1-1 through the zener diodes 22-1 . The 15 sta te. The products of voltage, current and time gencr- 
current I flowing through the MOSFET 4-1 supplies a a tcd in the MOSFET 4-1 during the application of the 
driving voltage R-I to the MOSFET 1-1 between the driving signal 6, is given by the following equation (1) 
source-gate circuit thereof. 

A series circuit of a P-channel MOSFET 11-1 and a P-Wi+hHE- Vz>t\+hi.E-R li)+i} (I), 

resistor 12-1, and a series circuit of a P-channel MOS- 20 

FET 11-2 and a resistor 12-2 are connected in parallel In equation (1), the period of time t2 is a time period 
between the drain terminal of MOSFET 4-2 and a posi- from the end of time period ti to the end of the driving 
live electrode of a voltage source 9 having voltage signal 6. As is apparent from the equation (1), if the 
amplitude V^. current h is selected to be a relatively small value in 

The gate terminals of the MOSFET 4-1 and 4-2 are 25 comparison with the current Ii, the product of voltage, 
connected to each other, and the gate terminal of the current and time, that is, power loss generated in the 
MOSFET 4-2 is connected to the drain terminal MOSFET 4-1 is decreased. 

thereof. This circuit, therefore, forms a current mirror When the driving signal 6 is changed to the low level, 
circuit. the MOSFET 13-1 is rendered in an on state to short- 

The gate terminal of P-channel MOSFET 11-2 is 30 circuit the gate and source of the respective N-channel 
connected to the gate terminal of N-channcl MOSFETs MOSFETs 4-1 and 4-2. 

13-1. Therefore, MOSFET 11-2 and 13-1 are operated As a result, current I2 flows through the MOSFET 
as complementary switches. When the P-channel MOS- 13-1 and MOSFET 4-2 and MOSFET 4-1 turn OFF. 
FET 11-2 is turned OFF during the ON state of MOS- The charge stored in the capacitance between the 
FET 13-1 and the OFF state of MOSFET 4-1, the cur- 35 source and gate of PMOSFET 1-1 is discharged 
rent h is cut off. The signal 21 is applied to the gate through the resistor 2-1, and the MOSFET 1-1 is turned 
terminal of a MOSFET 11-2. The drain-source circuit off. 

of the N-channel MOSFET 13-1 is connected in parallel The level shift circuit 26 also has the same circuit as 
between the common gate connection and the source the level shift circuit 25 and the level shift circuits 25 
terminal of MOSFETs 4-1 and 4-2. 40 and 26 perform complementary switching action. When 

When an output signal 20 of control circuit 15 is current flows through the MOSFET 4-1 in the level 
applied to the MOSFET 11-1 to turn it ON, current Ii shift circuit 25, a high level signal is applied to the driv- 
flows through the MOSFET 11-1 and current I 2 flows ing circuit 27. During this time, however, the MOSFET 
through the MOSFET 11-2 when a signal 21 is applied 4-3 remains turned OFF. 

to the MOSFET 11-2 to turn it ON. 45 When current flows through MOSFET 4-3 of the 

As shown in FIG. 2 the control circuit 15 includes level shift circuit 26, the PMOSFET 1-3 turns ON and 
inverters 16-1, 16-2, resistor 17, capacitor 18 and effects a short-circuit across the resistor 2-1 to turn 
NAND circuit 19 and produces two kinds of signals 20 PMOSFET 1-1 OFF. As a result, NMOSFET 1-2 turns 
and 21 with different pulse widths in response to a driv- ON and a low level signal is applied to the driving 
ing signal 6. The signal 20 is a pulse signal which is 50 circuit 27. 

initially inverted to a low level when the driving signal FIG. 4 shows another embodiment using resistance 
. 6 is initially set at a high level and returns to the high voltage divider. 

level after a predetermined period of time t|. The pulse A series circuit of P-channel MOSFET 11-1 and a 
width ti is determined by the time constant of the resis- resistor 12-1, and a series of circuit of P-channel MOS- 
tor 17 and capacitor IB. 55 FET 11-2 and a resistor 12-2 are connected in parallel 

The control circuit 15 supplies the pulse signal 20 to between the gate terminal of N-channei MOSFET 4 
the P-channel MOSFET 11-1 during the period of time and a positive electrode of voltage source 9 having a 
tj, after the application of driving signal 6, and the P- voltage amplitude V rc . A resistor 12-3 and a N-channe! 
MOSFET 11-1 is rendered in an ON state. Also the MOSFET 13 are connected in parallel between the gate 
control circuit 15 supplies the signal 21 to the MOSFET 60 source terminal of the MOSFET 4. The signal 20 from 
11-2 and MOSFET 13-1, and NMOSFET 13-1 is turned the control circuit 15 as shown in FIG. 2 is supplied to 
off. At turn-off of the NMOSFET 13-1, the MOSFETS the gate terminal of P-channel MOSFET 11-1. The gate 
4-2 and 4-1 turn ON, and acurrent of a magnitude terminal of the P-channel MOSFET 11-2 is connected 
Ii +h flows through MOSFET 4-2, where to the gate terminal of N-channel MOSFET 13, and the 

1 1 is the current flowing through MOSFET 11-1, and 65 signal 21 from the control circuit 15 is applied to these 

12 is the current flowing through MOSFET 11-2. gate terminals. 

Now assuming that the MOSFET 4-1 and 4-2, to- After the application of the driving signal 6, PMOS- 
gether operating as a current mirror circuit, have a same FETs 11-1 and 11-2 are rendered in an on state. Now 
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assuming that the on state resistance of PMOSFET 11-1 
and PMOSFET 11-2 are sufficiently smaller than the 
resistors 12-1 and 12-2, the gate-source voltage of MOS- 
FET 4 is effectively determined by multiplying the 
voltage V a by the value of the resistor 12-3 divided by 
the resulting resistance effected by the resistors 12-1, 
12-2 and 12-3, depending upon whether this occurs 
during the tj or tz time period (see the values for Vg2 in 
the waveforms of FIG. 3). The voltage amplitude 
across the drain-source of NMOSFET 4 corresponds to 
the voltage amplitude V, as shown in FIG. 3. 

After the end of the time period ti, PMOSFET 1M 
is rendered "OFF* and at this time a gate-source volt- 
age of NMOSFET 4 of a different value is determined. 
More specifically, upon the completion of the period of 
time ti, the MOSFET 11-1 turns to the OFF state. The 
gate-source voltage of NMOSFET 4> at this time, is 
given by multiplying the voltage V cc by the resistance of 



10 



15 



In FIG. 6 MOSFET 4-1, 4-2, and 1 are formed on a 
single polysilicon substrate and each element is sepa- 
rated by an insulating material of dielectric layer SiO;. 

In the present invention as shown in FIG. 3, large 
current I] flows during the period of time ti at the begin- 
ning of driving of P-channel MOSFET-1. The period of 
time ti is very short, for example several us. 

During a period of time t2 following, the period of 
time t[, the magnitude of current is reduced to h consid- 
erably lower than the current It to reduce the genera- 
tion of the heat. Therefore, the present invention is 
suitable in making the integrated circuit as the present 
invention is able to reduce the generation of the heat 
which is lead to the breakage of elements. 

As shown in FIG. 7, resistance Rd of n~ layer and the 
resistor of the channel are connected in series. The 
resistance Rd of the N- layer of high voltage MOS- 
FET, used in the present invention, has a very large 



the resistor 12-3 divided by the sum of the resistances of M resistance in comparison with that of channel when a 



resistors 12-2 and 12-3. This value corresponds to the 
voltage V2 as shown in FIG. 3. In this case, the relation 
Vi <V2 is satisfied by setting the resistance of the resis- 
tor 12-1 at a resistance smaller than that of the resistor 
12-2. 

In the other embodiment shown in FIG. 5, a series 
circuit of a switch 24-1 and a capacitor 23-1, and a series 
circuit of a switch 24-2 and a capacitor 23-2 are con- 
nected in parallel between a gate terminal of MOSFET 
4 and a positive electrode of voltage source of an ampli- 
tude V«. A switch 24-3 is connected between the gate- 
source circuit of NMOSFET 4. 

The switch 24-1 is rendered in an ON state or OFF 
state when the control signal 20 is low level or high 
level, respectively. Further, the switches 24-2 and 24-3 35 
operate as complementary switches with respect to 
each other in response to the signal 21 from the control 
circuit 15. That is, when the switch 24-2 is rendered to 
an ON(OFF) state, the switch 24-3 is rendered to art 



25 



30 



rating voltage is applied between its gate and source. 

FIG. 8 shows a current mirror circuit including high 
voltage MOSFETs 4-1 and 4-2 as shown in FIG. 7 and 
a reference current source for flowing current I. Each 
MOSFET has a drain D, gate G and source S. 

The resistance of n~ layer is equivalently represented 
by a resistor Rd and is connected in series between the 
drain of the above described equivalent MOSFET and 
the drain terminal of MOSFET 4-1 and 4-2. In the cur- 
rent mirror circuit as shown in FIG. 8, the drain voltage 
of the equivalent MOSFET 4-2 is larger than the gate 
voltage by R-I and when the value is larger than the 
threshold voltage Vt, the MOSFET 4-2 operates in the 
non-saturated region. The high voltage V is applied to 
the drain terminal of the MOSFET 4-1. 

As the gate voltage of MOSFET 4-1 is limited to a 
small value, the equivalent transistor is operated in the 
saturated region. 
The transistors, such as MOSFETs 4-2 and 4-1 oper- 



OFF(ON) state. When is at the high level, signal 21 the *> ate in different regions of the characteristic curve in 



45 



50 



switch 24-2 turns off and when signal 21 is at the low 
level the switch 24-3 turns ON. 

After the application of the driving signal both the 
switches 24-1 and 24-2 turn ON by the signal 20 during 
the predetermined period of time t|. As a result, the 
gate-source voltage of MOSFET 4 during the time 
period ti is equal to a voltage corresponding to the 
voltage V« multiplied by the ratio of the resultant ca- 
pacitance of capacitors 23-1 and 23-2 to the sum of the 
gate-source capacitance and capacitance of capacitors 
23-1 and 23-2. This voltage corresponds to voltage Vi 
shown in FIG. 3. 

After the period of time ti, the switch 24-1 is ren- 
dered to an OFF state, and the switch 24-2 continues to J5 
be in an On state. At this time the gate-source voltage of 
MOSFET 4 is given by multiplying the voltage V^by 
the ratio of the capacitance of capacitor 23-2 to the sum 
of the capacitance of the gate-source capacitance of 
MOSFET 4 and capacitor 23-2. 60 

The value above corresponds to the voltage V2 as 
shown in FIG. 3. The relation Vj>V2 is satisfied by 
setting the capacitance of the capacitor 23-1 at the value 
less than that of the capacitor 23-2. 

The above embodiments have a feature that it is possi- 65 
ble to reduce the power loss and which facilitate form- 
ing the circuit on a common semiconductor substrate as 
an integrated circuit. 



spite of having the same gate-source voltage and, as a 
result, the current flowing through MOSFET 4-1 be- 
comes larger than that of current, flowing through 
MOSFET 4-2. Such phenomena causes the disadvan- 
tage of low power loss and breakage of the semiconduc- 
tor elements. 

To avoid the above problem, the present invention 
determines the value of the reference current so as to 
satisfy the following conditions. 

ISVt/Rd (2) 

If the equation (2) is satisfied, the current flowing 
through MOSFET 4-2 and 4-1 is respectively almost 
equal to each other and, the above problem will be 
solved. 

We claim: 

1. A level shift circuit comprising: 
a control power supply; 

a high voltage power supply having a voltage higher 
than that of said control power supply and a nega- 
tive terminal coupled to the negative terminal of 
said control power supply; 

a first transistor coupled in series to said control 
power supply and formed in a loop circuit arrange- 
ment with said control power supply; 

a second transistor coupled in series to said high volt- 
age power supply, formed in a different a loop 
circuit arrangement with said high voltage power 
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20 
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supply, and coupled to form a current mirror cir- 
cuit with said first transistor; 

a third transistor coupled between the positive termi- 
nal of said high voltage power supply and said 
second transistor and supplying an output signal to 
a load in response to an output current from said 
second transistor; 

a first current control means for supplying a first 
current (Ii) having a first amplitude to said first 
transistor for a first predetermined period of time 
(ti) after application of a driving signal; and 

a second current control means for supplying a sec- 
ond current (I2) having a second amplitude, smaller 
than that of the current Ij, to satd first transistor for 
another predetermined period of time (ti-H2), in- 
cluding the first time period (ti) plus a second time 
period fa), in accordance with the timing of the 
driving signal, wherein a resultant current I1+I2 
flows through said first and second transistors dur- 
ing the predetermined time period t[+t2 in accor- 
dance with a current mirror effect thereof. 

2. A level shift circuit according to claim 1, wherein 
said first current control means supplies a first voltage 
to a control electrode of said first transistor for the 
predetermined period of time ti and said second current 
control means supplies a second voltage smaller than 
that of said first voltage to the control electrode of said 
first transistor for the predetermined period of time 
tl+t2, controlled in accordance with the timing of the 3Q 
driving signal. 

3. A level shift circuit according to claim 1, wherein 
said first current control means, which includes a first 
control terminal, is supplied with a first control voltage 
for the predetermined period of time ti and said second 3 5 
current control means, which includes a second control 
transistor, is supplied with a second control voltage of a 
greater pulse width than that of said first control volt- 
age, corresponding to the predetermined period of time 

ti +t2. said first control voltage and said second control 40 
voltage are provided at respective outputs of a control 
circuit responsive to the driving signal. 

4. A level shift circuit according to claim 1, wherein 
said first current control means includes a first control 
current path comprised of a first control transistor in 45 
series with a first resistance and said second current 
control means includes a second control current path 
comprised of a second control transistor in series with a 
second resistance, said first and second current paths are 
coupled in parallel and the parallel connection thereof is 50 
coupled in series with said first transistor of said current 
mirror circuit across the respective terminals of said 
control power supply, and said first and second control 
transistors are responsive to first and second control 
pulse widths t| and t| t2, respectively, provided from a 55 
control circuit in accordance with the driving signal. 

5. A level shift circuit according to claim 4, wherein 
the first and second transisiors of said current mirror 
represent control and controlled current paths thereof. 



MOSFETs of a second channel conductivity type, op- 
posite to said first channel conductivity type. 

8. A level shift circuit according to claim 7, wherein 
the first and second MOSFETs are N-channel type, and 
the third MOSFET and first and second control MOS- 
FETs are P-channel type. 

9. The level shift circuit according to claim 8, 
wherein there is further included a shorting switch 
turning OFF said current mirror circuit at the end of the 
predetermined time period ti+t2- 

10. A level shift circuit according to claim 1, wherein 
there is further included a shorting switch turning OFF 
the second transistor of said current mirror circuit at the 
end of the predetermined time period 1 1 + 12. 

11. A level shift circuit comprising: 
a control power supply; . 

a high voltage power supply having a voltage higher 
than that of said control power supply and a nega- 
tive terminal coupled to the negative terminal of 
said control power supply; 

a first transistor coupled in series to said high voltage 
power supply and formed in a loop circuit arrange- 
ment with said high voltage power supply; 

a second transistor coupled between said high voltage 
power supply nd said first transistor and supplying 
an output signal to a load in response to an output 
current from said first transistor; 

a first current control means for supplying a first 
current (Ii) having a first amplitude to said first 
transistor for a first predetermined period of time 
(ti) after application of a driving signal; and 

a second current control means for supplying a sec- 
ond current (I2) having a second amplitude, smaller 
than that of the current 1 1, to said first transistor for 
a predetermined period of time (ti+t:), including 
the first time period (ti) plus a second time period 
O2), in accordance with the timing of the driving 
signal, wherein a resultant current Ii + h flows 
through said first transistor. 

12. A level shift circuit according to claim 11, 
wherein at least one of said first and second current 
control means includes a resistance type potential di- 
vider for dividing said control power supply and 
supplies it to a control electrode of said first transistor. 

13. A level shift circuit according to claim 11, 
wherein each of said first and second current control 
means includes a part of a divided first portion of a 
resistance type potential divider in which a second por- 
tion f the resistance type divider is commonly con- 
nected to both of said first and second current control 
means and is coupled between one end of said first 
transistor and the control electrode thereof, the one end 
of said first transistor being coupled to the negative 
terminals of the control and high voltage power 
supplies. 

14. A level shift circuit according to claim 13. 
wherein each of said first and second current control 
means further includes a resistance part of the corre- 
sponding resistance type divider in series connection 



respectively, and wherein an output of the controlled 60 with a control transistor switch between the control 



current path is coupled to a control electrode of said 
third transistor. 

6. A level shift circuit according to claim 5, wherein 
all transistors are MOSFETs. 

7. A level shift circuit according to claim 5, wherein 65 
the first and second transistors are MOSFETs of the 
same channel conductivity type, and wherein the third 
transistor and first and second control transistors are 



electrode of the first transistor and the positive terminal 
of the control power supply, the control transistors of 
said first and second current control means are respon- 
sive to first and second control pulse signals, of pulse 
widths ti and ti+t2, respectively. 

15, A level shift circuit according to claim 14, 
wherein there is further included a shorting switch 
coupled across said second portion of the resistance 
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type potential divider so as to turn OFF said first tran- common capacitance, corresponding to a parasitic gate- 

sistor at the end of the predetermined time period t\ +t2- tc-source capacitance of said first transistor, across the 

16. A level shift circuit according to claim 15, positive and negative terminals of said control power 
wherein said first and second transistors are comple- supply. 

mentary channel type MOSFETs. 5 21. A level shift circuit according to claim 20, 

17. A level shift circuit according to claim 15, wherein each of said first and second current control 
wherein said first transistor is an N-channel type MOS- means includes a corresponding capacitance in series 
FET and said second transistor is a P-channel type with a respective control transistor between the gate 
MOSFET, the drain of the first MOSFET is coupled to electrode of the first transistor and one terminal of said 
the gate of the second MOSFET and the gate and 10 control power supply, the control transistors of said 
source of said first MOSFET has coupled thereacross first and second current control means are responsive to 
said shorting switch and said second portion of the first and second control pulse signals of pulse widths ti 
resistance type potential divider. and ti+t2, respectively. 

18. A level shift circuit according to claim 11, 22. A level shift circuit according to claim 21, 
wherein at least one of said first and second current 15 wherein there is further included a shorting switch 
control means includes a capacitance type potential coupled across the gate-source of said first transistor 
divider and supplies it to a control electrode of said first and turning OFF said first transistor at the end of the 
transistor. predetermined time period ti+t2. 

19. A level shift circuit according to claim 18. 23. A level shift circuit according to claim 22, 
wherein said first and second transistors are comple* 20 wherein said first transistor is an N-channel type MOS- 
mentary channel type MOSFETs. FET and said second transistor is a P-channel type 

20. A level shift circuit according to claim 11. MOSFET, the drain of the first MOSFET is coupled to 
wherein each of said first and second current control the gate of the second MOSFET. 

means forms a capacitance type potential divider with a ***** 
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